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SPECIFICATION 



1. Title of the Invention 

Polyparabanic Acid Compositions 

2. Claim 

A polyparabanic acid composition comprising polyparabanic acid and a compound 
represented by general formula (1) 




(where n+m is from 6 to 10). 

3. Detailed Description of the Invention 

The present invention relates to polyparabanic acid compositions. More specifically, it relates 
to polyparabanic acid (hereinafter abbreviated as PPA) compositions having excellent fire 
retardance, in which the properties and appearance intrinsic to PPAs are not compromised 
whatsoever. 

Because the various properties of PPAs, including their mechanical properties, electrical 
properties, chemical properties, heat resistance and dimensional stability, are better than those of 
other plastics, these show promise for use in flexible printed circuit boards having a plastic film 
substrate, films for integrated circuits (IC), films for electrical insulation, and molded electrical 
and mechanical components. 

At the same time, in addition to mechanical properties and chemical properties, it is strongly 
desired that, for industrial materials applications, PPAs also have safety with respect to fires, and 
specifically fire retardance. It would be no exaggeration to state that the presence or absence of 
fire retardance currently has a strong influence on the potential for expansion in the use of this as 
an industrial material. 

Although PPAs have the various outstanding properties mentioned above, because they have 
an inadequate fire retardance, there is a strong desire that they be conferred with fire retardance. 

The object of the present invention is improve the fire retardance of PPAs without 
compromising in any way the excellent mechanical properties, electrical properties, chemical 
properties or appearance inherent to these materials. 

The methods generally used for conferring organic polymers with fire retardance include 
methods involving the addition of a large amount of inorganic compounds, methods involving 
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the addition of organic halogen compounds, methods involving the addition of phosphorus 
compounds, and methods that use combinations of these. However when the amount in which 
these fire retardance-imparting agents are added is increased solely for the purpose of conferring 
fire retardance, the various properties inherent to the organic polymer are generally diminished. 
Hence, the emphasis has in fact been placed on finding distinctive combinations of organic 
polymers and these fire retardance-imparting agents, or methods for imparting [fire retardance]. 

In light of the above, the inventors conducted intensive research on imparting fire retardance 
to PPAs, as a result of which they ultimately arrived at the present invention. 

That is, the gist of the present invention is a polyparabanic acid composition comprising 
polyparabanic acid and a compound represented by general formula (1) 

(where n+m is from 6 to 10). 

The PPAs that may be used in the present invention are homopolymers or copolymers in 
which the basic units have general formula (2) 



o 
ii 
c 

/ \ 

-Ar-N N 

I I 
0 0 

✓ S 

o o 



(2) 



(where Ar is an arylene residue), such as those disclosed in, for example, U.S. Patent Nos. 
3,547,897 and 3,591,562, Japanese Examined Patent Publication [Kokoku] No. 47-19,715 
(1972), and ACS Polymer Preprints 12, No. 1, p. 162 (1971). Examples of the Ar (arylene 
residue) in the above general formula include 

^Vch, -Q>- (diphenylmethane-4,4'-diyl), 
Q^ch, -Q> (diphenylmethane-3,3'-diyl), 
O" 0 "O" (diphenyletheM^'-diyl), 

^O* 90 * "O" ( di P hen y lsulfone - 4 » 4, - di y 1 )* 

"00" (naphthylene), and iQh (phenylene). 

The intrinsic viscosities (DMF, 25°C) of these polymers or copolymers are preferably from 0.4 
to 2.5, with viscosities of from 0.6 to 1.2 being especially desirable for obtaining composites 
having a high degree of flexibility. 
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To give a brief description of the method for synthesizing PPAs, this consists of 
polymerizing hydrogen cyanide and a diisocyanate compound in a basic solvent (e.g., N- 
methylpyrrolidone, dimethyl formamide, dimethylsulfoxide) and in the presence of a suitable 
catalyst. The polymerization catalysts used in USP 3,547,897, for example, were alkali metal 
cyanides, and that used in USP 3,591,562 was pyridine. 

H 0 

catalyst | j| 

— R — NCO + HCN ► — R — N— C— C.N 

0 

HO H || 

j || catalyst | 0 

-R-N-C-CN + -R-MCO ► — n — N' H— ft — 

I 

HeC c 

\ 

0 

0 0 
U II 
u .c c 

I / \ catalyst / \ 

— R — N H — R ► — R — N M — R — 

1 t I 
N =0 0 H M = C C 



0 0 

ii it 

— R — H ^«_R_-Ht£. -R - N 7 ^N-R- 
II II 



nw = c c c c T 1 

\ / \ 

O 0 0 



The PPA compositions of the present invention can be prepared from PPA and a compound 
having general formula (1 j (hereinafter referred to as "bromine compound")* Methods for doing 
this that are preferable on account of their simplicity include a method whereby the PPA and the 
bromine compound are simply mixed, a method whereby the PPA and the bromine compound 
are kneaded while being heated and melted, and a method whereby the PPA and the bromine 
compound are mixed in the presence of a solvent such as dimethylformamide (DMF), N- 
methylpyrrolidone (NMP), dimethylsulfoxide (DMSO), dimethylacetamide, cresols, 
cyclohexanone and 1,3-dioxolane. A method in which the bromine compound is added at the 
PPA preparation stage is also possible. That is, in the production methods cited in the 
specifications of above-mentioned USP 3,547,897 or 3,591,562, addition and mixing into a 
polymerization solvent can also be carried out. In this case, it is preferable to carry out addition 
and mixing at the completion of polymerization rather than at the start or during the course of 
polymerization, and especially at the stage prior to inducing the precipitation and settling of PPA 
in a solvent that does not dissolve PPA. In addition, it is necessary to select at this time solvents 
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which do not dissolve the bromine compound for use as the solvent for inducing precipitation 
and settling of the composition of this invention and as the washing solvent. 

The mixing ratio of PPA and the bromine compound is 1-20 parts by weight, and preferably 
3-10 parts by weight, of the bromine compound per 100 parts by weight of the PPA. When the 
ratio is lower than this, sufficient fire retardance cannot be exhibited, and when it is higher than 
this, the excellent properties inherent to PPA are compromised, and so [a ratio outside of this 
range] is undesirable. 

Because the present invention has the above-described constitution, the polyparabanic acid 
compositions of the present invention have a high level of fire retardance without any loss 
whatsoever in the mechanical properties, electrical properties, chemical properties and 
appearance inherent to PPA. Hence, moldings, films, fibers and the like obtained by forming 
methods such as compression molding, cast film-forming techniques and melt spinning-exhibit 
excellent performances. 

The present invention is described more fully below in the examples that follow, although the 
invention is in no way restricted by these so long as it remains within the scope thereof. All 
references to parts in the examples mean "parts by weight." 

The following measurement and test methods are used in the examples. 

• Tensile Strength, Tensile Elongation ASTM D-882 

• Limiting Oxygen Index (LOI) JIS K-7201 

• Self-Extinguishability (UL standard) UL-94 

• Volume Resistivity ASTM D-257 

• Insulation Breakdown Voltage ASTM D-149 

• Dielectric Constant, Dielectric Dissipation Factor ASTM D- 150 

• Heat Resistance Own company method 

(PPA specimens are suspended in a Geer oven set at 200°C, removed at fixed 
intervals, and subjected to a bending test. The oven life that passes this 
bending test is used as the measure of heat resistance.) 

• Peel Strength JIS C-648 1 ( 1 80° peel) 

• Solder Heat Resistance JIS C-648 1 

Here, the limiting oxygen index indicates a relative value for the amount of air required in cases 
where a fixed amount of sample continues to burn in air. The larger this numerical value, the 
better the self-extinguishability and the indoor fire retardance. 

The following relationship exists when indicating the fire retardance by means of the limiting 
oxygen index and the UL standard. 
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Limiting Oxygen Index 
<22.3 



UL Standard 
94HB 



22.3 - 28 



94V 1 or 94V2 



>28 



94V0 



Working Example 1 

A PPA was synthesized in which the Ar in the general formula for PPA indicated above was 
a diphenylmethane-4,4'-diyl group and which had an intrinsic viscosity ("n inh , in DMF and at 
25°C) of 1.10 was synthesized based on the disclosure in the specification of USP 3,547,897. 
The bromine compound represented by the formula below was added in respective amounts of 
0.5 part, 1.0 part and 1.5 parts per 16 parts of a powder of this synthesized PPA, and these 
[combined ingredients] were dissolved in 100 parts of DMF, stirred and mixed, thereby 
preparing three uniform mixed solutions. 



These three mixed solutions were vacuum-deaerated, after which they were cast onto glass plates 
and dried for 10 minutes at 150°C. The films thus obtained were peeled from the glass plates 
then dried for 10 minutes at 280°C, thereby giving films of three different PPA compositions, 
each having a thickness of 50 |im (Experiments 1, 2 and 3). A comparative example was also 
carried out, in which a PPA film having a thickness of 50 \im was obtained by exactly the same 
procedure, except that the above- indicated bromine compound was not added (Comparative 
Example 1). The mechanical strength, heat resistance of the mechanical strength, flame 
retardance and electrical properties of the PPA compositions films and the PPA film thus 
obtained are presented in Table 1. [It is apparent from this that] the PPA compositions of the 
present invention had an excellent fire retardance without any loss in the properties inherent to 
PPA. 

Working Example 2 

After adding 6.0 parts of the bromine compound having the formula below to 100 parts of the 
PPA powder obtained in Working Example 1, these were dry blended in a Henschel mixer, 
following which the resultant PPA composition powder was rendered into a film having a 
thickness of 50 by using a compression molding machine set to a temperature of 350°C. The 
properties of the film thus obtained are presented in Table 1. This PPA composition according to 



Br 



Br 




Br 



Br 
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the present invention had an excellent fire retardance without any loss in the properties inherent 
to PPA (Experiment 4). 



Br Br Br Br 




Table 1 



Tests and evaluations 


Units 


Comparative 
Example 1 


Working 
Example 1 


Working 
Example 2 


Working 
Example 3 


Working 
Example 4 


1) 


Amount of bromine compound added 
(parts per 100 parts of PPA) 


parts 


0 


3.1 


6.3 


9.4 


6.0 


2) 


Film thickness 


H 


50 


50 


50 


50 


50 


3) 


Film color tone, transparency 




good 


good 


good 


good 


good 


4) 


Tensile strength (at break) 


kg/cm 2 


1200 


1250 


1200 


1130 


1210 


5) 


Tensile elongation (at break) 


% 


16 


15 


16 


15 


16 


6) 


Heat resistance at 200°C 
(bending test) 


hours 


300 


350 


330 


310 


350 


7) 


Limiting oxygen index (LOI) 


% 


21.5 


29.5 


31.5 


33.0 


30.0 


8) 


Self-extinguishability (UL-94) 


Classification 


94 HB 


94V -0 


94V -0 


94V -0 


94V -0 


9) 


Volume resistivity 


Q - cm 


3.9 x 10 16 


3.7 x 10 16 


3.3 x io 16 


3.3 x 10 16 


3.7 x 10 16 


10) 


Insulation breakdown voltage 


V/mil 


4000 


3950 


4100 


4000 


4100 


11) 


Dielectric constant (50 Hz) 




4.0 


4.0 


4.1 


4.0 


4.1 


12) 


Dielectric dissipation factor 




0.003 


0.003 


0.003 


0.003 


0.003 



Working Example 3 

A PPA in which the Ar in the general formula for PPA indicated above was a diphenylether- 
4,4'-diyl group and which had an intrinsic viscosity (T| inh , in DMF and at 25°C) of 0.95 was 
synthesized based on the disclosure in the specification of USP 3,547,897. The bromine 
compound used in Working Example 1 was added in respective amounts of 0.5 part, 1.0 part and 
1.5 parts per 16 parts of a powder of this synthesized PPA, and these [combined ingredients] 
were dissolved in 100 parts of NMP, stirred and mixed, thereby preparing three uniform mixed 
solutions. These mixed solutions were prepared as films of the three PPA compositions, each 
having a thickness of 50 |im, by exactly the same method as in Working Example 1 
(Experiments 5, 6 and 7). A comparative example was also carried out, in which a PPA film 
having a thickness of 50 ^.m was obtained by exactly the same procedure, except that the above- 
indicated bromine compound was not added (Comparative Example 2). The various properties of 
these PPA compositions films and the PPA film are presented in Table 2. [It is apparent from this 
that] the PPA compositions of the present invention had an excellent fire retardance without any 
loss in the properties inherent to PPA. 
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Application Example 4 



After adding 6 parts of the bromine compound having the formula below to 100 parts of the 
PPA powder obtained in Working Example 3, these were dry blended in a Henschel mixer, 
following which [the resultant PPA composition powder] was rendered into a film having a 
thickness of 50 ]im by using a compression molding machine set to a temperature of 350°C. The 
properties of the film thus obtained are presented in Table 2. This PPA composition according to 
the present invention had an excellent fire retardance (Experiment 8). 



Br Br Br Br 




Table 2 





Tests and evaluations 


Units 


Comparative 


Working 


Working 


Working 


Working 








Example 2 


Example 5 


Example 6 


Example 7 


Example 8 


1) 


Amount of bromine compound added 
(parts per 100 parts of PPA) 


parts 


0 


3.1 


6.3 


9.4 


6.0 


2) 


Film thickness 




50 


50 


50 


50 


50 


3) 


Film color tone, transparency 




good 


good 


good 


good 


good 


4) 


Tensile strength (at break) 


kg/cm 2 


1300 


1300 


1280 


1280 


1290 


5) 


Tensile elongation (at break) 


% 


20 


20 


19 


18 


19 


6) 


Heat resistance at 200°C 
(bending test) 


hours 


350 


360 


340 


330 


350 


7) 


Limiting oxygen index (LOI) 


% 


21.0 


30.0 


31,5 


33.5 


32.0 


8) 


Self-extinguishability (UL-94) 


Classification 


94 HB 


94V -0 


94V -0 


94V -0 


94V -0 


9) 


Volume resistivity 


Q - cm 


5x 10 16 


4.9 x 10 16 


5.0 x 10 16 


4.7 x 10 16 


4.9 x 10 16 


10) 


Insulation breakdown voltage 


V/mil 


3800 


3800 


3800 


3800 


3800 


1 1) 


Dielectric constant (50 Hz) 




3.7 


3.9 


3.8 


3.7 


3.9 


12) 


Dielectric dissipation factor 




0.003 


0.003 


0.003 


0.003 


0.003 



Working Example 5 

This serves as an example of a method for preparing PPA compositions at the stage of PPA 
synthesis, based on the disclosure made in USP 3,547,897. In other words, a solution obtained by 
dissolving 53 g of hydrogen cyanide in 184 ml of NMP and a solution obtained by dissolving 
490 g of 4,4'-diphenylmethane diisocyanate in 1000 ml of NMP were added dropwise at the 
same time to 6000 ml of an NMP solution containing 25 ml of a saturated sodium cyanide 
solution, and the polymerization reaction was thereby carried out. After completing dropwise 
addition of the hydrogen cyanide solution and the 4,4'-diphenylmethane diisocyanate solution in 
about 7 minutes, stirring was continued for 30 minutes. Twenty grams of triethylamine was then 



1 
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added to this polymerization reaction mixture and stirring was continued for another 30 minutes. 
Next, 32.3 g of the bromine compound used in Working Example 1 was added and mixed into 
the polymerization reaction mixture thus obtained, thereby giving a uniform solution. This 
uniform solution was poured into a large amount of methanol and a powder-like product was 
precipitated out while thoroughly stirring, after which this was washed with methanol and dried, 
thereby giving 570 g of a PPA composition powder (intrinsic viscosity (r] inh , in DMF and at 
25°C), 1.10) according to the present invention. Seventeen parts of a powder of this PPA 
composition was dissolved in 100 parts of DMF and stirred and mixed, thereby preparing a PPA 
composition solution. Using this solution, a 50-|im film was obtained by exactly the same casting 
method as in Working Example 1 (Experiment 9). In addition, a comparative example was 
carried out in which, aside from not adding the bromine compound used in Application Example 
1, a PPA film having a thickness of 50 \im was obtained by exactly the same method 
(Comparative Example 3). The properties of the films thus obtained are presented in Table 3. [It 
is apparent from this that] the PPA composition according to the present invention has an 
excellent flame retardance. 



Table 3 



Tests and evaluations 


Units 


Comparative Example 3 


Working Example 9 


1) Amount of bromine compound added (parts 


parts 


0 


6 


per 100 parts of PPA) 








2) Film thickness 


V- 


50 


50 


3) Film color tone, transparency 




good 


good 


4) Tensile strength (at break) 


kg/cm 2 


1250 


1290 


5) Tensile elongation (at break) 


% 


16 


17 


6) Heat resistance at 200°C 


hours 


310 


340 


(bending test) 








7) Limiting oxygen index (LOI) 


% 


21.5 


32.5 


8) Self-extinguishability (UL-94) 


Classification 


94 HB 


94 V-0 


9) Volume resistivity 


Q- cm 


3.9 x tO 16 


3.8 x 10 i6 


10) Insulation breakdown voltage 


V/mil 


4100 


4000 


11) Dielectric constant (50 Hz) 




4.0 


3.9 


1 2) Dielectric dissipation factor 




0.004 


0.004 



Working Example 6 

A solution obtained by dissolving in NMP 1% by weight of the PPA powder obtained in 
Working Example 1 was coated onto copper foil (trade name, CF3T5; manufactured by Fukuda 
Kinzoku) having a thickness of 3.5 |im that had been treated for printed circuit use. The film of 
the PPA composition obtained in Experiment 2 in Working Example 1 was placed on top, and 
hot-pressing was carried out for 2 minutes at 180°C and a pressure of 10 kg/cm , following 
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which drying was carried out for 30 minutes at 200-220°C and for 20 minutes at 270-290 c C. The 
composite (PPA copper-clad board) thus obtained withstood more than one minute in a solder 
bath at 270°C, and had a peel strength of 1.7 kg/cm. The ratio of residual solvent in this film was 
less than 0. 1 % by weight, and no changes over time in the above properties were observed even 
when this was stored indoors for an extended period of time. Hence, as is apparent from the 
above, films of the PPA compositions obtained by means of the present invention are fully 
capable of being used in flexible printed circuit boards. 

Working Example 7 

A solution obtained by dissolving 1% by weight of the PPA powder obtained in Working 
Example 3 in NMP was coated onto copper foil (trade name, CF3T5; manufactured by Fukuda 
Kinzoku) having a thickness of 35 (im that had been treated for use in printed circuits. The film 
of the PPA composition obtained in Experiment 6 of Working Example 3 was placed on top, and 
hot-pressing was carried out for 2 minutes at 180°C and a pressure of 10 kg/cm , following 
which drying was carried out for 30 minutes at 200-220°C, and for 20 minutes at 270-290°C. 
The composite thus obtained as a result (PPA copper-clad plate) withstood a 270°C solder bath 
for more than one minute, and the peel strength was 1.7 kg/cm. The ratio of solvent remaining in 
this film was no more than 0.1% by weight, and no changes over time in the above properties 
were observed even during long-term indoor storage. Hence, as is apparent from the above, films 
of the PPA compositions obtained by means of the present invention are fully capable of being 
used in flexible printed circuit boards. 
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